guinea pigs for 5 weeks and compared the specific activity of plasma cholesterol, adrenal cholesterol and cortisol isolated from urine. Although the specific activity of the adrenal cholesterol was only 60% of that of plasma cholesterol, the urinary cortisol had the same specific activity as the adrenal cholesterol.
Similar findings were also reported by Krum et al. (1964) using dogs as the experimental animals. These authors interpreted these findings as evidence that cholesterol is an obligatory precursor of cortisol in these animals.
The role of acetate as a substrate for steroid biosynthesis is now well established (Brady, 1951; Haynes et al., 1954; Hechter et al., 1953; Zaffaroni et al., 1951) . However, measurements of the specific activity of cholesterol-14C formed from acetate-14C during the biosynthesis of 14C-labelled C-21-steroids by endocrine tissues in vitro have revealed that the specific activities of the labelled steroids are higher than that of the cholesterol-14C isolated from the same tissue (Bligh et al., 1955; Hall, 1963; Hechter et al., 1953) . Such steroid forming tissue is not available for steroid biosynthesis (Armstrong et al., 1964) and the other was the existence of an alternative pathway which did not involve cholesterol (Hall, 1963) .In a previous report from this laboratory (Ichii et al., 1965) , evidence was obtained that a small fraction of the cholesterol is being utilized for steroid hormone synthesis by rat adrenal.
The present series of experiments were undertaken to obtain more information about the steroid hormone precursor sterol in the biosynthesis of corticosteroids of rat adrenal gland.
MATERIALS AND METHODS
Sodium acetate-1-14C (Sp. Act. 53mC/m mole) was obtained from New England Nuclear Corp. Nicotinamide adenine dinucleotide phosphate reduced (NADPH) and 3',5'-cyclic adenosine monophosphate (cyclic AMP) were obtained from Sigma Chemical Co. Adrenocorticotrophic hormone (ACTH) used in this experiments was Acthar (Armour Co.).
Adrenals were obtained from Wistar rats weighing 200 to 250g. Animals were sacrificed by exanguination, adrenals were removed, freed from surrounding fat and quartered with a thin razor blade. Four hundred mg of quartered adrenal obtained from 10 rats were used for each 
RESULTS
In Table 1 , the specific activities and amounts of free, ester sterol and corticosterone isolated and purified from the rat adrenal subcellular components and the incubation media are summarized.
In this experiment, in order to obtain specific activities of substances, rigorous purification was carried out and the recovery of each sample at the end of purification procedure was not corrected. However, it was found in preliminary experiments using cholesterol-1, 2-3H and corticosterone-1, 2-3H as internal standards for recovery correction that 86% of free cholesterol and 67% of corticosterone radioactivity added were recovered from the adrenal tissue after the same purification procedure employed in this experiments. However, bromination and debromination procedure (Schwenk and Werthessen, 1952) to purify cholesterol from" high counting companion" could not be applied in this experiment because the amount of sterol separated from the tissue was considered to be unsuitable to do so.
The incorporation of radioactivity was observed in all the fractions of incubated adrenal and the marked elevation of specific activity was noted in free sterol and corticosterone of preincubated tissue. The specific activities of free sterol were always higher than those of ester sterol and the free sterol isolated from mitochondrial fraction showed highest specific activity among the free sterol isolated from subcellular fractions of the incubated tissue. This might suggest that the mitochondria are the main site responsible for the sterol biosynthesis from acetate in vitro and that ester sterol may be inert in the corticosteroidogenesis in rat # Animals were received 5v.ACTH intraperitoneally 2 hrs. before sacrifice.
2.In this experiment, all the tissues were preincubated for 2 hrs. in the same medium used for the incubation.
The adrenals obtained from the animals which received 5 units of ACTH intraperitoneally 2 hrs. before sacrifice produced more corticosterone than did the control during the preincubation period but the amount of corticosterone formed by adrenals from ACTH treated animals during the incubation period was almost the same as that formed by the control adrenals. Although the addition of cyclic AMP stimulated corticosterone biosynthesis throughout the experimental period, the specific activities of corticosterone isolated from the pre-and incubation media were lower than that of the control. This is analogous to the results obtained with the NADPH supplemented incubation. A remarkable incorporation was observed in the free sterol and the tissue corticosterone of ACTH treated adrenal where the specific activites of these substances increased about 2.5 times over the control.
In contrast to the ACTH treated adrenal, the specific activity of free sterol isolated from the tissue incubated in the presence of cyclic AMP was lower than those of the control. A large incorporation of radioactive acetate into free sterol of corpus lutea of rats has also been observed by Armstrong et al. (1964) after the animals were treated with luteinizing hormone.
A higher specific activity of corticosterone as compared with mitochondrial free sterol was also observed in this experiment.
According to the results of Cornforth et al. (1956) , cholesterol biosynthesized from acetate-1-14C possesses 12 radioactive carbons out of 27 and 10 out of 21 in the case of corticosterone.
No correction has been applied in this experiments, since the contribution due to this difference would not make significant differences in the results obtained.
DISCUSSION
Peron has presented a stoichiometric evidence to establish that corticosterone is biosynthesized from mitochondrial, free cholesterol in rat adrenal gland (Peron, 1964) . The pool size of endogenous steroid hormone precursor cholesterol has been assessed approximately by using cholesterol side-chain cleaving enzyme system and it was suggested that the precursor cholesterol is possibly of mitochondrial origin (Ichii et al., 1965) . However, it was revealed that the specific activity of corticosterone isolated from adrenal tissue incubated with acetate-1-14C was higher than that of mitochondrial free sterol in the same tissue and this was also true when the biosynthesis of corticosterone was stimulated by ACTH in vivo or NADPH and cyclic AMP in vitro. This would suggest that only a fraction of the mitochondrial free sterol was being drawn upon for corticosterone biosynthesis.
A remarkably high specific activity was observed in mitochondrial free sterol after the incubation of adrenals obtained from the animals treated with ACTH. The amount of endogenous steroid hormone precursor cholesterol in rat adrenal gland has been observed to be diminished markedly after ACTH treatment (Ichii et al.,1965) .
The locus of sterol biosynthesis from acetate in rat adrenal under the conditions employed in this experiments seems to be in the mitochondria. This may explain the high specific activity of mitochondrial free sterol following the treatment of animal with ACTH. The similar findings have been reported in rat corpus lutea after the treatment of animal with luteinizing hormone (Armstrong et al., 1964) . Krum et al. (1964) fed cholesterol-4-14C to dogs for more than 30 days and compared the specific activity of plasma and adrenal cholesterol and they found that the plasma cortisol had the same specific activity as the adrenal and plasma cholesterol.
These result suggest that biosynthesis of cholesterol is not taking place in dog adrenal and consequently, steroid hormone precursor cholesterol in the adrenal is derived completely from exogenous cholesterol.
On the other hand, Werbin and Chaikoff (1961) performed a similar experiment using guinea pigs as experimental animals and found only 60% of the specific activity of plasma cholesterol in adrenal cholesterol which suggested that 40% of adrenal cholesterol synthesized in the gland contributed to serve the precursor for corticosterone biosynthesis in this animal.
In our experiments, significant incorporation of radioactivity from acetate-1-14C was observed in the sterol of all the subcelluiar components of rat adrenal and in the corticosterone biosynthesized during the incubation period but the physiological significance of sterol synthesized in the tissue is not yet known in the case of rat adrenal gland.
The results obtained in this experiment did not exclude the possibility of the existence of an alternative pathway, which does not involve cholesterol in corticosteroidogenesis in rat adrenal.
However, from the fact that close correlation was observed between tissue, medium corticosterone specific activity and that of mitochondrial free sterol in any incubation conditions employed, that possibility seems to be least likely.
SUMMARY
The analysis of the specific activity of free, ester sterol and corticosterone in the subcellular components of rat adrenal gland after incubation with acetate-1-14C 
